The use of natural starches in food or non-food industries is difficult, as there are no starches with essential properties for a particular application. Thus, it is important to identify different alternative starch sources with wide variability in starch properties. The aim of this study was to evaluate roots production and starch properties of Peruvian carrot genotypes [BGH clones (4560, 5741, 5744, 5746, 5747, 6414, 6513, 6525, 7609) and "Amarela de Senador Amaral" cultivar] growing in Brazil. The experimental design was randomized complete block design with four replications. After eight-month growing of Peruvian carrot plants, roots were collected and the total production of roots, and their dry matter and starches contents were analyzed. The roots were processed for starch extraction. Starches were evaluated for phosphorus and amylose contents as well as for thermal and pasting properties. Results showed differences for all parameters analyzed for roots and starches between materials. Peruvian carrot starches presented varied chemical, thermal and pasting properties which can be exploited by food industry as native starches.
Introduction
The Peruvian carrot is an important starchy crop due to culinary, medicinal and nutritional attributes from its roots, which has allowed great applicability in processed food formulations (Heredia Zárate et al., 2008; Pedreschi et al., 2011) . Other aspects such as the characteristics of its starch and use of hand labor during cultivation are also highlighted as important aspects to the growing importance of this tuberous as industrial raw material (Vietmeyer, 1986; Graciano et al., 2007; Takeiti et al., 2007) .
Brazil is the world's largest producer of Peruvian carrot with average production of 250 thousand tons per year, with about 95% of this volume has been intended for trade roots in nature and a small portion used by the food industry, where it is applied in the formulation of baby food, soups and purees (Pires and Finardi-Filho, 2005) .However, with the change in eating habits of the world population leading to growth in the consumption of processed or semi-finished products, the percentage of sales of fresh roots has declined considerably in large urban centers, which is why there is great demand for studies in the processing of Peruvian carrot (Nunes et al., 2010) .
Despite the imposing results, the Peruvian carrot domestic production in Brazil usesa single cultivar (Amarela de Senador Amaral-ASA) and two clones (5746, commonly called by Amarela de Carandaí, and Branca). Consequently, this fact results in high genetic uniformity which can be risky with regards of pest and disease infestations, what increases cost and impairs propagation material acquisition (Henz et al., 2005; Gomes et al., 2010) . The plant has a long growing season (10 to 12 months) and its roots have very short shelf life about 7 days. As it is widely sold in natura, prices are often high, which limits its cultivation expansion, consumption and advances in research (Pires et al., 2002; Pires and Finardi-Filho, 2005) .Therefore, studies on this species have increased recently aiming to acquire more productive and early genotypes and with different characteristics for processing, which would enable Peruvian carrot enhanced use as industrial raw material (Granate et al., 2004; Graciano et al., 2007; Shirai et al., 2007; Moraes et al., 2013) .
By product segment, starch can be classified as dry starch, native starch, liquid starch and modified starch. The major categories to be considered while mapping the starch processing industry are food and non-food products. Use of starch in food products includes food processing and beverages. Non-food products of starch include paper, glue, thickening agent, stiffening agent and wheat paste, among others. Applications of starch include food and beverages, medicines and pharmaceuticals, ceramics, construction, textile, printing, cosmetics and colors.
There are several sources of starch such as potato, wheat, maize, sweet potato and cassava. Tuberous starch commercialization is insignificant except for cassava and potatoes. United States are the largest starch manufacturer with bioethanol and fructose syrups together representing 72% of starch output. China is the second largest starch supplier in the world and the second largest consumer of native starch. Output includes corn, potato, cassava and wheat starch (native and modified). The output reached 17 million tonnes in 2008 and will probably grow to 25 million tonnes by 2020.
Brazil grows various starchy tuberous indicating an underexploited starch agricultural and industrial potential of several species, with great possibility of value aggregation mainly for Peruvian carrot. Starch is the most abundant reserve carbohydrate of plants and is mainly composed by amylose and amylopectin whose proportions strongly depend on botanical origin (Rocha et al., 2012; Schirmer et al., 2013) . These molecules are associated in parallel, resulting in crystalline and micellar regions and significantly changes starch function (Biliaderis, 1991; Franco et al., 2002) . Starch pasting and thermal properties may determine its specific feature and usefulness in industry. The selection of the starch for the industrial uses is made considering its availability and also its physicochemical characteristics that vary depending on the source. Due to this, each natural or native starch is considered unique (Matsuguma et al., 2009) . Peruvian carrot starch displays special characteristics, which make it appropriate for industrial application in many processed foods like soups, infant foods, purees, breads and cakes as well as for other non-food uses (Rocha et al., 2008; Rocha et al., 2011) . According to these reasons it can be stated that there is a need for genotypes with production characteristics satisfying short crop cycles and owning different physical and chemical properties, which would boost Peruvian carrot production chain.
Since there are few studies with different Peruvian carrot genotypes and limited information about its starch, it is necessary to elucidate this component behavior in new genotypes because several studies indicate significant differences between the genotypes of other species such as potato and cassava (Ezekiel et al., 2010; Charoenkul et al, 2011) . So, the aim of this study was to evaluate new Peruvian carrot clones regarding production and starch properties as strategy to increase this species use.
Results

Analyzes of roots components
The production of roots ranged from 6.45 to 22.57 t ha -1 . Data analysis showed differences between Peruvian carrot materials being observed smaller productions in BGH 6414 and BGH 5744 ( Table 1 ). The dry matter content of the roots is a feature of great importance for marketing as raw materials for industrial processing. The dry matter of the roots varied from 18.03 to 23.37%. The lower content was observed for BGH 7609 (Table 1 ). The starch content of tubers is affected by cultivar, location, climatic conditions and fertilization. The analysis of starch content in the roots showed differences between botanical materials from 14.96 to 21.41%. The BGH 7609 had the lowest content of starch, which is not interesting because for cultivars intended for industrial processing of starch the obtaining of high starch content is one of the main requirements.
Starches characteristics
Phosphorus and amylose contents
Native starches generally contain small amounts of phosphorus.Results of analysis of Peruvian carrot starches showed that phosphorus contents ranged from 161 to 212.9 ppm with the highest level observed in BGH 4560 (Table 2) . Apparent amylose content ranged from 20.6 to 28.2% (Table  2 ). All clones, except BGH 7609, have surpassed the cultivar (ASA). Among the clones, BGH 5744, BGH 6525, BGH 4560 and BGH 5741 showed the highest percentage of amylose.
Pasting and thermal properties
The pasting characteristics play an important role in the selection of a variety for use in the industry as a thickener and binder. Results of pasting properties showed differences between Peruvian carrot starches for all parameters analyzed (Table 3 ). The paste temperature of starches ranged from 59.80 to 61.55 °C with the highest temperature observed for BGH 7609. The peak viscosity ranged from 524.21 to 783.55 RVU. The breakdown ranged from 370.67 to 617.67 RVU, the final viscosity of starches ranged from 189.71 to 248.29 RVU and the tendency to retrogradation from 40.46 to 82.42 RVU. The data analysis showed that the starch obtained from BGH 5747 had a higher peak viscosity, lower resistance to heat and stirring, higher final viscosity and higher tendency to retrogradation when compared to other starches (Table 3) . The results of the thermal properties of the starches show differences between starches obtained from different Peruvian carrot materials. Difference in transition temperatures between different starches could be attributed to difference in the degree of crystallinity (Qi et al., 2004) . The initial gelatinization temperature (T o ) ranged from 54.12 to 56.05 °C. The peak temperature (T p ) ranged from 58.19 to 59.82 °C. The final temperature (T f ) ranged from 62.25 to 64.18 °C. Thus, range of gelatinization temperature (∆T)ranged from 7.65 to 9.18 °C. The enthalpy change of gelatinization (∆H) of Peruvian carrot starches ranged from 13.02 to 16.50 J g -1 (Table 4 ). The starch BGH 5747 differed from the others due to the higher temperatures of gelatinization (T o , T p and T f ) and enthalpy of gelatinization. The results obtained for the thermal properties of starches after retrogradation show differences between materials for all parameters. Initial temperatures were lower than those observed in gelatinization of starches. We observed higher values of ∆T and lower values of ∆H when compared with the results of thermal properties of gelatinization (Table 4) .
Pearson analysis
Pearson correlation coefficients amongst variables of Peruvian carrot starches are shown in Table 5 . Results showed that the effect of amylose appeared to dominate over the effect of phosphorus on properties of Peruvian carrot starches. When we evaluated the correlation between the variables analyzed in starches, regardless of the material used, we found that phosphorus content in starches was positively correlated to the amylose content (r=0,44, p≤0.05) and negatively correlated to breakdown (r=-0,38, p≤0.05). The amylose content of the starches was negatively correlated with the gelatinization temperatures (T 0 , T p and T f ) and pasting temperature, and positively correlated with enthalpy change in gelatinization (∆H). Pasting temperature was positively correlated with gel temperatures (T 0 , T p , T f ) and setback was positively correlated with gelatinization enthalpy. As expected the thermal properties of starch gelatinization was negatively correlated with the properties in the retrogradation.
Discussion
In studies for the introduction of unconventional raw materials as sources of native starches a determining factor is the agricultural production, which is measured in tonnes of starch per hectare. So when we analyze the results for agricultural production, dry matter content and percentage of starch from different Peruvian carrot materials ( Table 2) . Because of the structural stability of amylose, some high-amylose starches have played an important role in the technology of packaging films, food, medical treatment, textiles, paper making, optical fibers, printed circuit boards, and electronic chips (Hu et al., 2016) . Native starches generally contain small amounts of P. In root and tuber starches, P is covalently linked to the starch in the form of P esters, whereas in cereal starches it occurs mostly as contaminating phospholipids (Yoneya et al., 2003; Leonel et al, 2015) .The higher phosphorus content was observed in starch obtained from BGH 4560 (Table 2) .
Several results have been obtained that demonstrate that higher starch phosphorus content is closely associated with higher viscosity (Blennow et al., 2003; Lu et al, 2011) and high phosphorous content in starches contribute to increased paste viscosity and lightness (Jane et al.,1996) . Pearson analysis showed positive correlation between phosphorus content and amylose (Table 5) . Phosphorus is present as phosphate monoesters and phospholipids in various starches. High phosphorus content is usually associated with a larger amount of amylopectin. However, phospholipids contents of the starch are proportional to the amylose and have a tendency to form a complex with amylose and long-branched chains of amylopectin. Phospholipids form water insoluble complexes with amylose during heating, retarding starch granule swelling. Peroni et al. (2006) analyzing the phosphorus content in tuberous starches observed that cassava and ginger starches presented lower phosphorous content (0.07%), whereas sweet potato and arrowroot starches displayed intermediate values(0.014 and 0.018%, respectively). Yam and canna starches showed higher phosphorous content (0.022 and 0.031%, respectively). Thus, results of phosphorus contents in Peruvian carrot (Table 2) were similar those observed for sweet potato and arrowroot starches. The pasting properties of Peruvian carrot starches are presented in Table 3 . The peak viscosity (PV), breakdown (BD), final viscosity (FV) and setback (SB) of varied greatly. The starch obtained from BGH 5747 showed higher values of PV, BD, FV and SB, showing that this starch has low resistance to heat and stirring and high tendency to retrograde. Functional properties, such as gelatinization temperature, gel formation and paste viscosity define industrial use of starches (Bertoft et al., 2016) . Evaluation of thermal properties of Peruvian carrot starch indicated that gelatinization occurs in the range of about 57 ºC (onset temperature) to 62 ºC (peak temperature), involving enthalpy change around of 16 J g -1 (Rocha et al.,2008; Rocha et al., 2011) . Results obtained for Peruvian carrot materials were lower than observed by these authors (Table 4 ) which can be due the structure of granules. According to the reports by Singh et al. (2003) , the transition temperatures represent the perfection of double helical order, and the gelatinization enthalpy reflects the content of it. As shown in Table 4 , compared with other starches, the BGH 7609 starch showed higher transition temperatures, low gelatinization enthalpy and narrow gelatinization temperature range. As the crystalline regions of starch granules are generally composed of amylopectin, starches with lower amylose content have higher gelling temperatures which can be observed for BGH 7609. The retrogradation is the process by which starch returns to its more ordered state, after gelatinization. During the retrogradation the amylose molecules form associations in double helix of 40 to 70 glucose units and amylopectin form double helix smaller, due to restrictions imposed by the branched structure of molecules and length of branching. This reassociation occurs in the molecular and structural form weaker than found in the native molecule. Therefore, less energy is required to melt the crystals restructured. The retrogradation behavior of Peruvian carrot starches show a decrease of melting temperatures (T o , T p , T f ) with increase of range of temperatures and decrease of enthalpy change (Table 4 ). The percentage of retrogradation ranged from 9.56 to 32.16% with the higher value to BGH 7609 and lower percentage was observed to BGH 5747.
The Peruvian carrot starches are crystallographically classified as B-type polymorphic starches, or starches containing amylopectin chains with high degree of polymerization (Mweta et al., 2010; Rocha et al., 2011) .
The higher retrogradation percentage of starch obtained from BGH 7609 may be related to the amylopectin structure. Amylopectin containing higher proportions of long B-type chains had an increased tendency to retrograde that resulted in a greater increase in gel storage modulus. Starch retrogradation is of great interest to food scientists and technologists since it profoundly affects the quality, acceptability and shelf-life of starch-containing foods The retrogradation is influenced by intrinsic factors as botanical sources starch composition (amylose to amylopectin ratio), granule architecture (crystalline to amorphous ratio) and other compounds (lipids) (Singh et al., 2003) .
Materials and Methods
Plant materials
Nine clones from the Vegetable Germplasm Bank of the Federal University of Viçosa (UFV) (BGH 4560, 5741, 5744, 5746, 5747, 6414, 6513, 6525 and 7609) and the cultivar Amarela de Senador Amaral (ASA) were grown.
Growing conditions
Experiment was performed in Experimental Farm São Manuel of the University of São Paulo State (UNESP) at 22°46'35" S and 48°34'44" W geographical coordinates and at 750 m altitude. It was carried out for 8 months. Maximum and minimum mean temperatures were 13 and 27 °C, respectively; and rainfall was of 1022.5 mm during cropping period. Local soil was classified as a red yellow Oxisol with sandy texture. Soil analysis indicated the following traits: pH (CaCl 2 ) = 5.7; organic matter = 18 g dm -3 ; P (resin) = 52 mg dm
, Mg 2+ and CEC = 21, 2.4, 25, 10 and 59 mmoldm -3 , respectively; V = 64%; and B, Cu, Fe, Mn and Zn = 0.29; 1.4; 46; 12 and 6.6 mg dm -3 , respectively. After soil conventional preparation it was applied 1.7 t ha -1 of the NPK formulated fertilizer (04-14-08) into planting furrow and 400 kg ha -1 of ammonium sulfate divided into 30, 60 and 90 days after transplanting. Seedlings were prepared as Heredia following disinfection for five minutes in chlorinated water; later, they were dried in shade, cut in simple bevel and pre-rooted in 72-cell tray on vegetable substrate. Thirty days after rooting, the seedlings were transplanted within 0.4 x 0.8 m spacing, using 20 plants per plot (two rows of 10 plants). The experimental design was randomized complete block design with four replications. During cultivation pest and disease control and sprinkler irrigation were performed following technical recommendations for the crop. Eight months after transplanting it was performed manual harvesting and starch production was quantified through root production by their starch content, in addition to root dry mass (AOAC, 2012) .
Starch isolation
Washed roots were cut at 3 cm and then they were disintegrated for one and a half minutes with water at ratio of 1: 1 (v: v) using a 4-liter stainless steel industrial blender for the extraction of starch. The suspension was filtered through 80 and 150 mesh sieves. Residue retained on the sieves was again blended under the same conditions to remove residual starch. The starch withdrawal recovered from the fiber residue was mixed up with the first solution and kept in a cold chamber at 5°C for 12 hours to decanting. Supernatant was discarded, starch suspended in water until the supernatant was clear and then dried in an air circulation oven at 40 °C. To = initial temperature; Tp = peak temperature; Tf = final temperature; ∆Tl= range of temperature; ∆H = enthalpy change, R (%), percentage of retrogradation. Means followed by the same letters in the column do not differ at 5% level by Tukey test. Togel = initial temperature of gelatinization; Tpgel = peak temperature of gelatinization ; Tfgel = final temperature of gelatinization ; ∆Tgel= range of temperature; ∆Hgel = enthalpy change of gelatinization; Toret = initial temperature of retrogradation; Tpret = peak temperature of retrogradation; Tfret = final temperature of retrogradation; ∆Tret= range of temperature of retrogradation; ∆Hret = enthalpy change; TP= pasting temperature; PV= peak viscosity; BK= breakdown; FV= final viscosity; SB= setback; *p<0.05,
Analysis of starches
The amylose content of starch was determined using the method described by ISO 6647 (1987) .The content of P in potato starches was analyzed according to the methodology described by Malavolta et al. (1997) . Analyses were carried out in triplicate. The thermal properties of potato starches were analyzed using a differential scanning calorimeter (DSC) Pyris 1 (Perkin Elmer, USA). Starch samples (2.0 mg, dry basis) were weighed into aluminum pans, mixed with deionized water (6 μL) and sealed. The sealed pans were kept at room temperature for 2 h for balance and heated at a rate of 10°C min -1 from 25 ºC to 100 ºC. An empty pan was used as reference. After running the samples in DSC, they were refrigerated at 5°C for 14 days and analyzed again under the same conditions to determine the thermal properties of retrograded starches. The gelatinization temperature (initial, peak and final) and the enthalpy change of native and retrograded starches were determined using the Pyris 1 software from Perkin Elmer, USA. This analysis was carried out in triplicate.
For the analysis of the pasting properties was used the Rapid Visco Analyzer (RVA 4, Newport Scientific, Australia). The starch suspensions (2.5 g of starch in 25 ml of water), corrected for the basis of 14% of moisture, passed by the programming: 50 °C for 1 min, heating from 50 ºC to 95 °C at a rate of 6 °C min -1 , maintaining the paste at 95 °C for 5 minutes, cooling from 95 ºC to 50 °C at a rate of 6 °C min -1 . The viscosity was expressed as rapid visco unit (RVU) (1 RVU = 12cP). From the graph obtained were evaluated: pasting temperature, maximum viscosity (peak), breakdown, final viscosity and setback. This analysis was carried out in triplicate.
Statistical analysis
Data were subjected to analysis of variance using the SAS statistical software. When appropriate, the difference amongst means was determined using Tukey's multiple comparisons at the 0.05 probability level. Pearson correlation coefficients were determined to evaluate relationships between starch variables.
Conclusions
In view of the obtained results were observed that Peruvian carrot genotypes showed varied production of root, dry mass and starch content suitable for commercial crops and starch extraction. Their starches have content of amylose and phosphorus, pasting and thermal properties that are attractive for food industries.
